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The evolution of primordial stars of initial masses between 5 and 10 M⊙ has been computed
and analyzed in order to determine the nature of the remnants of massive intermediate–mass
primordial stars and to check the influence of overshooting in their evolution. We have obtained
the values for the limiting masses of Population III progenitor stars leading to carbon–oxygen
and oxygen–neon compact cores. We have also obtained the limiting mass for which isolated
primordial stars would lead to core–collapse supernovae after the end of the main central burning
phases. Considering a moderate amount of overshooting, the mass thresholds at the ZAMS for the
formation of carbon–oxygen and oxygen–neon degenerate cores shift to smaller values by about
2 M⊙. As a by–product of our calculations, we have also obtained the structure and composition
profiles of the resulting compact remnants. We find that the final fate of the considered stars could
not be to become white dwarfs, as it is the case of objects of larger metallicity of analogous initial
masses. Instead, as we show by means of a synthetic code, they might end their lives as SNI1/2.
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1. Introduction
Even though the precise limits are unknown, it has been generally accepted that single stars
less massive than ∼ 10M⊙ end their lives as white dwarfs, whereas stars whose mass in the
ZAMS is larger than this limit explode as supernovae. However, recent calculations, specially
those corresponding to primordial or extremely metal–poor stars are sheding doubts on the fate
of intermediate–mass stars — see, for instance, Refs. [1, 2, 3, 4, 5]. The main reasons for these
uncertainties are the unknowns relating the mixing of isotopes and the stellar winds during the
thermally–pulsing (Super)AGB phase. Moreover, the situation is complex because both phenom-
ena are connected.
Convection in stellar interiors still lacks a completely satisfactory treatment in one–dimen-
sional codes mainly because it is, by its nature, a multidimensional phenomenon. The mixing
parameters in the cases of stars whose metallicity is similar to the solar value can be callibrated by
comparison with observations, but this is not the case for primordial and the most metal–poor stars.
The physical peculiarities of these objects also make things complicated because their evolution is
characterized by strong thermonuclear flashes that alter the stellar structures, the nucleosynthesis
and the ongoing mixing processes [6]. The new perspectives in this sense are promising, as the
results from multidimensional calculations are beginning to be introduced in the one–dimensional
models [7, 8]. Therefore, it is expected that more realistic results may eventually be obtained during
the next few years.
Here we explore how the peculiarities of the mixing processes and the choice of the prescrip-
tion for the mass–loss rates due to stellar winds determine the fate of intermediate–mass stars of
primordial composition, and we assess whether they end their lives as white dwarfs, as it is the
case of solar metallicity stars of analogous masses, or as SNeI1/2 [9]. The end of the old genera-
tions of stars as white dwarfs or as supernovae would have profound consequences on the chemical
evolution of the Galaxy, and might be a necessary factor to complete its understanding [10, 11].
Additionally, an accurate knowledge of how primordial and very old stars lived and died will un-
doubtely help us to better understand the reionization history of the Universe.
Finally, it is important to realize that the IMF of primordial and ultra–metal poor stars is the
subject of an active debate. A number of calculations have pointed to the possibility that pristine
hydrogen– and helium–clouds would be unable to fragmentate into the precursors of non–massive
stars, and instead, primordial stars would have masses between 100 and 600M⊙ [12]. However,
other works have proposed that rotation and vibrations of HD molecules could act as efficient
coolants to allow fragmentation into clouds that would form stars of low and intermediate mass
[13]. In addition, accurate multidimensional simulations of the growth of instabilities of primordial
clouds have been made [14, 15] which show that the primordial IMF should be a bimodal function
with a main peak around 100M⊙ and a secondary peak around 1M⊙. Therefore, the evolution of
intermediate–mass primordial stars is worth considering and has already been studied in a series of
recent papers [6, 16, 17, 18].
We have organized the present work as follows. Section 2 describes the treatment of the
overshooting used for the calculations and the evolution of intermediate–mass primordial stars
during the main central burning stages. Section 3 considers the evolution during the early stages of
the TP–(S)AGB. Section 4 is devoted to obtain hints of the final fate of our model stars by means
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Figure 1: Evolutionary tracks in the Hertzsprung–Russell diagram of our model stars. The solid lines
correspond to the case in which overshooting was disregarded, whereas the dotted lines show the evolution
for the case in which overshooting was taken into account.
of a simplified synthetic code. In the last section we summarize our findings and draw the main
conclusions of our work.
2. Evolution previous to the TP-(S)AGB phase
The results of the calculations presented in this work have been obtained using the evolution-
ary code described in Ref. [4]. We have computed evolutionary sequences of primordial stars with
masses between 5 and 10M⊙, with and without overshooting. In order to understand the effects
that overshooting produces in this mass and metallicity ranges we have followed closely the imple-
mentation detailed in Ref. [19], which itself evolves from that explained in Ref. [1]. Therefore,
convection is extended beyond the formal limits set by the Schwarzschild criterion to zones where
∇rad > ∇ad−δ , where δ is given by
δ = δOV
2.5+20ζ +16ζ 2 (2.1)
being ζ = Prad/Pgas and δOV is equal to 0.12 [19].
The hightlights of the evolution during the main central burning stages are the following. Both
the core hydrogen–burning phase and the core helium–burning phase occur at the left hand side of
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